complex samples and mixtures.
Raman spectroscopy represents only one of a myriad of spectroscopic techniques used in the study of molecular structure (1) . However, resonance Raman spectroscopy is unique among these techniques because of its selectivity, since the resonance phenomenon permits the specific enhancement of the vibrational spectrum of one particular molecular species within a complex solution or mixture (2) . Other species in the mixture not resonantly enhanced show Raman spectra of much lower intensity (often by a factor of . Raman ments of proteins, nucleic acids, and other biomolecules. The information content of the spectra is high, comparable to or greater than that available from infrared spectrometry, especially when the excitation wavelength is varied. However, resonance Raman spectroscopy has not been extensively used for investigations of complex systems because instrumentation was not available to resonantly excite the majority of compounds that have their electronic absorption bands in the ultraviolet and often sample or matrix fluorescence obscured the Raman spectra. This matrix fluorescence often prevents Raman studies of complex systems such as catalysts, coal, and biological tissues, where the large
variety of compounds present almost ensures that fluorescence will swamp the Raman scattering. In a continuing study we have developed new instrumentation for ultraviolet resonance Raman spectroscopy (3) and have recently demonstrated that this system has a high sensitivity and selectivity for ultraviolet Raman measurements of polycyclic aromatic hydrocarbons such as naphthalenes, substituted anthracenes, and pyrene (4). Low concentrations of these species could be monitored down to 200 parts per billion, and the spectra differentiated between species as similar as 2-methyl-and 9-methylanthracene. In this report we demonstrate that the ultraviolet resonance Raman spectra of compounds excited below 260 nm are much less plagued by fluorescence than conventional visible-wavelength Raman spectra; the number of compounds that fluoresce below 260 nm is limited, and their quantum yields for fluorescence are, in general, low. For example, Fig. la shows the ultraviolet Raman spectrum of acetonitrile (CH3CN) at 256 nm. We measured this spectrum in a flowing liquid jet, using instrumentation described elsewhere (3) . Figure lb shows a Raman spectrum of a dilute solution of a coal liquid in acetonitrile. This coal liquid sample was prepared by the direct hydrogenation of coal and is a heavy distillate recovered between 3400 and 510°C. Such coal liquids are known from other studies (5) to contain large concentrations of polycyclic aromatic hydrocarbons with two, three, or four fused rings. The additional features in Fig. lb , especially the intense Raman peaks from the coal liquid sample at -1400 and -1600 cm-, can be most easily seen in the difference spectrum shown in Fig. Ic . These additional features derive mainly from the resonance Raman spectra of polycyclic aromatic hydrocarbons, which contain between two and four fused rings as can be seen if one compares the coal liquid spectrum to the spectra of triphenylene, phenanthrene, naphthalene, fluorene, and pyrene (Fig. 2) . For example, the peak from triphenylene at 1337 cm'1 may contribute to the shoulder at 1340 cm-l in the coal liquid spectrum, whereas the peak at 757 cm-1 and the intensity at -1400 cm-' in the coal liquid spectrum may derive from the presence of phenanthrene-like structures. The intense broad peak between 1560 and 1630 cm-' in the coal liquid spectrum may derive from substituted ring systems based on naphthalene (1577 and 1629 cm-), fluorene (1611 cm-'), and pyrene (1624 cm-').
By changing the excitation wavelength, it is possible to selectively enhance different polycyclic aromatic hydrocarbons. For example (6) , excitation of the coal liquid sample at 235 nm results in intense peaks at 1380 cm and 1628 cm-; the frequencies of these peaks and their relative intensities are essentially the same as that of naphthalene excited at 235 nm. Thus, changing the excitation wavelength enhances the spectra of different species within the coal liquid sample.
The most interesting feature of the coal liquid spectrum (Fig. lb) is the lack of a luminescent background from fluorescence from the myriad of species present in the coal liquid (5). The acetonitrile Raman intensities from the coal liquid solution are decreased by a factor of -16 as compared to that of pure acetonitrile as a result of the absorption of the laser excitation and Raman light by the coal liquid. The background intensity observed in Fig. lb is similar to that found for the high-purity ultravioletgrade acetonitrile (Fig. la) . Indeed, no fluorescence is observed even with excitation at shorter wavelengths (down to 220 nm). The lack of fluorescence interference in the Raman spectrum of this complex coal liquid sample is consistent with all our ultraviolet Raman studies of samples excited below 260 nm; significant fluorescence interference has not been observed for any sample yet examined.
The reason for this initially surprising result is that the smallest conjugated polyene or aromatic molecule to show significant fluorescence from its first excited singlet state is benzene, which shows fluorescence at a wavelength >260 nm. Larger aromatics show absorption bands below 260 nm but excitation into these bands results in fast internal conversion of this energy into the lowest energy singlet or triplet excited state, and fluorescence or phosphorescence occurs at much longer wavelengths. Other molecules or functional groups that have their lowest singlet states below 250 nm, such as butadiene and hexatriene, show extremely low fluorescence quantum yields (7). Thus, it appears that few if any organic compounds will show fluorescence in the spectral region below 260 nm. The obvious conclusion is that ultraviolet resonance Raman measurements will show little fluorescence interference as compared to conventional visible-wavelength Raman measurements. Thus, it is possible, perhaps likely, that complex samples such as coal liquids, biological samples, and complex organic reactions can be best studied by excitation in the ultraviolet; the only obvious complicating factor in ultraviolet Raman measurements is photochemical decomposition. However, photochemical decomposition did not pose a major problem for our aromatic amino acid studies (8) or for studies of benzene derivatives (9) or for our polycyclic aromatic hydrocarbon studies (4) or for excitation profile studies in the n ---* a* transition of the carbonyl group in acetone (10 temperatures may be as high as 73°C (1, 2) . The only photosynthetic bacterium that has been isolated from thermal environments is Chloroflexus aurantiacus, a filamentous bacterium that shares physiological and biochemical properties with both the purple and green anoxygenic phototrophs (3) (4) (5) (6) . The thermophilic purple sulfur bacterium as a function of temperature. Cells were grown in the medium described (16). Cultures (250-ml bottles incubated in a water bath) were illuminated with 4300 lux of incandescent light. Cell suspensions were removed anaerobically at intervals with a sterile sampling device (17), and the number of cells was determined by direct microscopic counts with a Petroff-Hauser counting chamber. Growth rates (doublings per hour) were calculated from semilogarithmic plots of cell numbers against time.
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A Novel Photosynthetic Purple Bacterium Isolated from a Yellowstone Hot Spring Abstract. A thermophilic photosynthetic purple bacterium was isolated from the waters ofa hot spring in Yellowstone National Park, Wyoming. The organism differs from all known purple bacteria in that it grows optimally at a temperature of about 50°C. The isolate contains bacteriochlorophyll a and grows autotrophically, oxidizing sulfide to elemental sulfur which is then stored as globules inside the cell. These properties indicate that the phototroph is a member of the Chromatiaceae (purple sulfur bacteria).
